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ABSTRACT

The effectiveness of honeycomb pedigree selection (HPS) as compared to
conventiona! pedigree selection {CPS) and mass selection (MS) were studied in one
interaspecific cross between two promising hybrids Giza84 x { Giza74 x Giza 68) and
Giza 77 x Pima Sg . Combined selection for yield and lint quality traits was applied for
three cycles. Finally, the best Fs lines derived by each method were tested in
comparative experiments as randomized complete blocks design with three
replications at Sakha Agric. Res. Station (2010). The analysis of variance indicated
significant differences among of the selected lines for seed cotton yield and other
traits except, for mean of boll weight. No significant differences were found between
overall means of two groups CPS and HPS. In contrast, the mean of lines derived
from third method MS . No significant differences however, were identified between
the selected lines of the two methods ( HPS and CPS ) fbr lint quality traits. On the
basis of mean seed cotton yield, boll weight, lint percent and fiber length as well as
number of superior lines derived by each method. it was concluded that HPS was
effective than CPS and MS in identifying lines with high yielding ability and a good lint
quality. This superiority of HPS is attributed at least partially to its effectiveness in
early segregating generation selection.

INTRODUCTION

in conventional plant breeding programme, the opportunity for selection
is limited not only by the parental genotypes and the size of population grown
in early generation but , also by the ability of plants to express their genotype
to distinguishable by plant breeder (Busbice and Wilisie 1970). The
ineffectiveness of single plant selection for yield and yield components has
heen long recognized (Celami 1990 and Fasoula 1993) and has been
attributed to luw heritability resulting from inabiiity of genotype to express it
seff sufficiently in the phenotype of one plant due to confounding effect of
various macro and micro environmental factors (Kuott 1972). Fasoula, 1988,
developed the honeycomb methodology of plant breeding and verified
Shebeski,s envisioning(1967). The honeycomb methodology allows single
plant selection for heritable high yield by facing the confounding effects on
heritability of the following five factors, competition, stress condition, soil
heterogeneity, genotype by environment interaction and heterosis in early
generation. The confounding effects of the five factors are overcome:
1. Competition and stress condition due to density by growing plants in the
absence of competition. N
2. Soil heterogenty by honeycomb pedigree selection designs
3. G x E interaction multi environmental screening from the very beginning
til and the end of the breeding programme.
4. Heterosis in early generation by taking measures that, increase the rate of
gene fixation in the population being sampled.
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Roupakias et al. {1997) pointed out that the honeycomb pedigree methods
was effective in early generation selection of faba beans. Lungu et al. (1987)
decided the same results for spring wheat. Gill ef al. (1995) stated that the
honeycomb selection method exhibited superiority over pedigree selection,
single seed descent and bulk method for yield in mangbean. Also Batzios et
al. (1897) reported that the honeycomb pedigree selection is more efficiency
than pedigree selection for yield in cotton. The present study aim to evaiuate
an effectiveness of honeycomb pedigree selection (HPS) compared with both
conventional pedigree selection (CPS) and mass selection (MS).

MATERIALS AND METHODS

The fieldwork of this study was carried out at Sakha Agricultural
Research Station (A.R.C) Egypt. Inbred lines of two promising hybrids Giza
B4 x ( Giza 74 x Giza 68) and Giza 77 x Pima S were crossed to produce
the first filial generation (F4). F;,s seeds were divided into three groups to
plant in three experiments for three selection methods; mass seiection (MS),
pedigree {(CPS) and honeycomb (HPS) selection. The first group of mass
selection in 2007, the seeds produced by 60 F; piants were bulked and
grown in one plot consisting of 10 rows. The rows were 4 meter long and
70cm apart. Hills were spaced at 30 cm within row and seedling was thinned
to single plant. A simifar procedure was applied till the F5 generation to
produce the best selected three lines from this population.

The second group of selfed seeds from (F2) was grown in one plot
consisting 60 rows 7m long. Spacing was 0.7 m between rows and 70 cm
between plants in the row. On the basis of seed cotton yield and lint quality,
the best 35 F; plants were selected in 2007. The thirty-five F; plants were
grown as individual families from the selfed seeds of F. selected (These
individual families were planted as mentioned before). The natural seed of
same selected plants were grown in one plot for every family consisting 3
rows 4.0 m long spacing between rows 0.70 m and between plants .30 m.
These natural seed family were used to evaluate the seed cotton yield and
fiber quaiity. On the basis of the best family, the best 21 plants were selected
from Fa generation in 2008. Similar procedure was applied for F, generation
in 2009. The best 7 lines from 21 families of F, generation were selected and
evaluated together with the ones selected by HPS and MS in 2010.

Third group of honeycomb selection in 2007, the selfed seeds were
grown in honeycomb designs ensure objective selection among and within
progenies by allocating progenies randomly across the selection site and by
ranking them according to number of plants selected by of the moving circle.
Each replicated design evaluated maximum number of progenies which is
given in columns R1 and R2 of Table (1) the maximum number of entries is
obtained by formulas R1= K2 where k assumes all integral values while, in
designs of R2 type by the formuta R2 = K2+c+1

In Table (1) Values in Colum k serve to calculate R1 and R2 to
constrictive design in the following manure. The construction of the R-8
design in Fig (1) starts by @ in the being of the first row and the first number of
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the second row is found by subtracting k-3 = 8. The first number of third outer
row is found by substracting K+1. In general, the starting number of inner
rows is obtained by substracting k from remainder and of outer row by
substracting K+ 1.

Table 1: Columns R1 and R2Z give the maximum number of entries
handled by the replicated honeycomb designs of type R1 =
K2 and of type R2 = K2 + k +1. Values in column k serve to
calculate R1 and R2 and to construct the design (Figures1

and 2)

R4 R: Ra
- 3 1
4 7 2
9 13 3

16 21 4

25 31 5

36 43 8

49 57 Fi

B4 i3 8

81 91 9

100 111 10

Fig.1: An example of the R1 = k2 type of the honeycomb selection
design where k = 3 and a total of 9 entries are evaluated. Entries
are arranged across the experimental area a regular triangular
pattern which ensures random allocation in respect to variations
in environmental conditions and hence reliable evaluation. Each
of the k first rows carries different set of k codes and the same
code arrangement is repeated after 2k rows.

253



El- Akhedar A. A. A.

When the remainder is smaller than the substrabend or zerc we add R1 or
R2 and continuous substrating after finding the starting number of all row
which occur in zig-zag arrangement, the remanding position are filled up by
using for first row the set of K larger number, for second row the set of the
next K larger number and for third row, the smaller number of K. In design R2
type, all rows carry the same set of recurring number namely from 1 to R2.
Thus, once starting numbers of row are found the remaining position is filled
up by counting in ascending order up to R2 repeatedly. The F; plants were
grown by designs R = K2 Fig (1) while the next generation were grown by
designs R2 = K2 + K +1 Fig (2). The space between plants 100cm for all
direction.
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Fig .2: An example of the R; = k2 + k +1 type of the honeycomb selection
design where k = 3 and a total of 13 entries are evaluated.
Entries are arranged across the experimental area a regular
triangular pattern which ensures random allocation in respect
to variations in environmental conditions and hence reliable
evaluation. All rows carry the same set of R; codes which are
repeated regularly starting with different code.

Twenty F, plants {(2007) were selected from designs R-89 which
described before and the next season fifty five F3 progeny (2008) from each
of twenty plants were selected. Similar procedure was applied for fourth
generation F,. In the F; and F,; generation, the selected plants were coming
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from higher yielding lines. In Fs generation {2009) seven progeny from F,
were selected. This lines together with ones selected by CPS and the three
lines were selected by MS were evaluated in a randomized complete blocks
design with three replications (2010). Each replicate consisted of 17 plots
with five rows in each plot. The row was 4m long, 70 cm apart and 25 cm
between hills. The hills were thinned to two plants. The following characters
were considered:, seed cotton yield (grams),boll weight {grams) lint percent
{L %), fiber fineness ( micronaire reading ) and Upper half mean in mm
measured by HVIL.

RESULTS AND DISCUSSION

The means squares values were obtained from ordinary variance
analysis (Table 2). It is clear that all fines differed significantly for ali studied
traits except, for boll weight also the results show that the lines derived by
HPS differed significantly. Present findings were similar to the finding of
Batzios et al. (1998). This results as ascertains that the fact of previous
assumption for distinct the lines involved. This is in accordance with the
statement that a selection scheme that allows paraliel selection for general
and specific adaptation from the first generation of the crop improvement
program will increase efficiency (Fasoulas, 1993).

Table (2): Mean square of studies traits for all selected lines.

[ Source of 4 | Boll [Seedcotton| . ., [Micronarie| Fiber
varition "~ | weight yield ° | reading | Length
Rep. 2 0.002 103452 .8 0.1 0.071 1.264

ine (G) 16 | 0.083 | 1017735.1* | 1.97" 0.072* | 1.926™
Within HPS | 6 | 0.058 563259.5 3.43"™ | 0.1038* | 2.037*
ithin CPS | 6 | 0.032 202797.9 0.68 0.009 0.316
ithin MS 2 | 0.010 6523801 0.87 0.234* 0.498

Error 32 | ©.044 | 252563.553 | 0.296 0.023 0.863
** significantly different at the 0.05 and 0.01 levels of probability, respectively

This is because 100 large number of F, seeds are enough to establish
a replicated honeycomb field trial with large replicates per cross. In addition,
the large number of seeds produced per plant enables evaluation and
selection in the F, and following generations.

Selection of over mean of lines of the three methods of selection
according to the results in Table 3, indicated that the differences between the
two over means of two selection methods HPS and CPS were not
significantly differ and these mean were higher than the mean of third
selection methods, MS. These results indicated that there are an increasing
effective of two selection methods 1o improvement cotton breeding
programme.

The results in Table (3) indicated that CPS method was more
efficiency in the selection of high fiber length lines than HPS method as the
over means of selected lines
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Table (3): Mean seed cotton yield and lint quality characters of the
groups of lines derived by three selection methods in

popitiation.

Selection Boll |Seed cotton Lint% Micronarie Fiber
methods eight(g)  yield(g) reading | Length(mm)
HPS 3.167 4553.67 |35.09 3.36 34.82
CPS 3.248 454662 |35.07 3.35 35.77
MS 2.9 3366.57 134.24 3.32 34.38

The results in Table (4) and Fig.3 showed that the mean traits of
selected lines

With regard to seed cofton yieid, resuits in Table 3, showed that the
mean yield of HPS lines was similar to that of the CPS lines and significantly
higher than mean yield of MS. Furthermore, five out seven HPS lines yielded
higher than the best lines of MS. (Table 4), the vield of ail CPS lines were
higher than the best lines of MS.

Morecver, one HPS line out yielded the best other HPS and CPS lines.
This result indicates that HPS for yield was more effective in selecting good
plants in F, and subsequent segregating generation than CPS. These results
due to HPS selected little number of plants in F; than those of CPS selected
lines. The effective of HPS may be due to the plants in HPS were planted in
an equilateral trianguiar pattern while, in CPS methods were planted in rows,
{Fasoula and Fasoula 1997b).

Table {4): Means of seed cotton yield and lint quality characters of lines
derived by three selection methods in population.

Boll . .
Selec’t.ev:JM sl . Seed cotton < o Micronarie fiber
line ethod w‘:'g%ht yieid{g} Lint% reading length
1 HPS 343a 4980.0 ab 3562b 3.33 efg 34.53 hi

HPS | 3.16cdef | 5247.0a 37.09a | 3.53ab 34.90 fgh
HPS | 3.16cdef | 4043.0gh | 3421ghi | 323g 34.57 hi
HPS | 323bcd | 4442.0def | 34371 | 3.30fy 36.33a
HPS | 3.10def | 4652.0bcd | 34.31fgh | 3.60a 35.27 efg
HPS | 3.03 fg | 4208.0fgh | 3442efg | 3.06h 33.67]
HPS | 3.03 fg | 4303.0defg | 35.58b | 3.47 bed 34.50 hi
CPS | 3.36ab | 4449.0def | 34.68 def | 3.30 f 36.03 abc
CPS | 3.20cde | 4295.0efg | 34.79de [ 3.40 cdef | 35.93 abed
CPS | 326bc | 4273.0efg | 3448efg | 3.33efg | 35.30defg
11 CPS | 3.23bcd | 4439.0def | 3496cd | 3.37 def | 35.47cdef
12 CPS | 3.06efg | 4589.0cde | 35.20c¢ | 3.43 bede | 35.60 bede
13 CPS | 336ab | 48320bc | 3570b 3.30fg_ | 35.87 abcde
14 CPS | 323bcd | 49500ab | 35660 3.30fg 36.20 ab
15 MS 283h 30200 33.96hi | 3.50 abc 34.47 hi
16 MS 2.93 gh 3183.0i 33.91i 3.46 bed 33.93 jj
17 MS 2.93 gh 38970 h 34.87cd | 3.47 bed 3473 gh

o|wio|~|m|;|a|wir
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Also, the selection pressure from F, and respective generation by
HPS was higher than applied by CPS. Effective HPS in early generation has
been reported by other workers {Lungu et al. , 1987; Roupakias ef al. , 1997).

With regard to boll weight, the results in Figure 3 and Table 4 showed
that only one HPS's line selected followed by two CPS lines were higher boll
weight than the other lines of HPS and CPS. Moreover, the most selected
lines by (HPS and CPS) methods exhibited higher boll weight than that of the
best lines of MS. The results in table (4) gave the same trend for seed cotton
yield due to the boll weight consider as one of yield components.

For the lint percentage, the results in Table 4 and Fig 3 showed that
only one line selected by HPS was significantly higher than that of the lines
selected by CPS and MS methods . The high lint percent line was followed by
two HPS lines and two CPS lines.

SCY

Fig. 3: Mean performance of the line selected by HPS, CPS and MS for
five traits.
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For fiber quality traits, the combined selection for yield and fiber quality
applied in all generations resulted in an identification of lines with good fiber
traits by both pedigree methods (HPS and CPS). Over lines, however, CPS
lines were ranked first and significantly longer fibers than HPS lines (Table 3).
In addition, HPS lines were ranked second and significantly longer than the
length of MS lines.

According to fiber fineness (micronaire reading), one of HPS lines was
finer than the other selected lines (included HPS, CPS and MS). Considering
the relative fixed gene in higher number in g, generation, (Batzios et al.
2001)

It may be concluded that the superiority of one line of HPS is due to
the absence of competition and possibility offered by honeycomb design to
select simultaneously among.and within lines, Lunga et a. (1987} reported
that HPS for yield was effective in early generation of spring wheat.

It is concluded; therefore, the superiority of HPS in selecting lines with
higher yielding over CPS is due to at least partially to effectiveness of HPS in
early generations. The effectiveness of HPS in isolating line with higher
yielding due to estimates of individual and progeny phenotypic values
(breeding value) based principally on yield measurements that affecied by
competition and soil heterogeneity , so both of watch may limit the expression
and confound differentiation of yield potential in other methods.

REFERENCES

Busbice T.H. C.P. Wilsie, 1970. Inbreeding depression, heterosis in
autotetraploid with applied to Medicago sativa L. Euphytica 15:62-67.

Batzios, D.P. & D.G. Reupakias, 1997. HONEY: A microcomputer program
for honeycomb design analysis. Crop Sci 37: 744-747.

Celami AN. 1990. | maziki kipseloti epilogji atin veltiosi stin midhisi
(Medicago sativa L and Dissertation.Athens.1990 {Greek).

Fasoulas, A.C., 1988. The Honeycomb Methodology of Plant Breeding. Dept.
of Genetics and Plant Breeding, Arist Univ. of Thessaloniki, Greece.
pp. 42-49.

Fasoulas, A.C., 1993. Principles of Crop Breeding. Thessaloniki. Greece.

Fasoula, D.A. & V.A. Fasoula, 1997b. Gene action and plant breeding. Plant
Breed Rev 15; 315-374.

Gill, J.8., M.M. Verma, RK. Gumber & J.S. Brar, 1985. Comparative
efficiency of four selection methods for deriving high yielding lines in
mung bean (Vigna radiata L. Wilczek). Theor Appl Genet 80: 554-560.

Knott, D.R., 1972. Effects of selection for F2 plant yield on subsequent
generations in wheat. Can J Plant Sci 52: 721-726.

Lungu, D.M., P.J. Kaltsikes & E.N. Larter, 1987. Honeycomb selection for
vield in early generations of spring wheat. Euphytica 36: 831-839.
Roupakias, D., A. Zesopoulou, S. Kazolea, G. Dalkalitses, A. Mavromatis &
T. Lazaridou, 1997. Effectiveness of early generation selection under

two plant densities in faba bean (Vicia faba L.). Euphytica 93: 63-70.

258



J.Agric.Chem. and Bilotech.,Mansoura Univ.,Vol. 2 (11), November, 2011

Shebeski, L.H., 1967. Wheat Breeding. In: K.F. Nielsen (Ed.}, pp. 249-272,
Proc Can Centennial Wheat Symp Saskatoon, Saskatchewan.

Ohill i (b (b Juad) a8 Al sk AT 3eUS
23T 3540 o aial e JAs
saae) 50 Sigagll 3$e - Ol Gigay s - Olaill Ay 5 S gay pud

CLATY g Al o il A5 oy Cuadall QAT g ClASH (3l A oy ol
XYY 2 ) X (WA 2 X Via) X A Cuagll o eV QlAST auiad (g2
(YooV) A (Lol Aol )3 Gile gana BN LY IV il 5 50 apudli @5 (T Lan
e yeadlly o) JSEN 38 pe QAT pe (Auadl G il A8yl e ) (A ST de sanad
by ol Lgiet ) 0 U Ao ganall g A il CITLAY Gandall CLATY 36 jlay i A3
csflaa¥! lasiyl

Ly W PTER EX TS I P A SR T SRR § W FU RUASPERLL LGV o
(CPS) 2, a5 A8y sl WY daza 5 (HPS) el G iy iz 4Gy jhay
YY) ey dpatial SO K anli o5 (MS) el S Ay an Y3 2D
A Clieall el 5 (Y0 )0 )AS plie ALS el &y jat & (ADk

aads sl (5 Y paf a3 phail J gaza =
(s oSl el ) Bunguill —¢ paall it —r
Al gl —o

Nl Sy YL 5 e LD il s ol Judas a3

YT EVE R T - SWPRAN | Qwi&dwbﬁﬁu‘tpw:\gwﬁm‘ Jgag
ool ) il 58 Hlay Lpatiall GV bl das gl ubid e 35000 ) 5 o g
(sl y uaal

aaf iy (pall b 3l ) HPS | CPS (b siall S 3y gins SUDGA) 22 5 Y —
. MS Ul dadiiadl YNl dau dia Je Lagin &) gina CNANGES)

Loe dad ot luall a3 Hhor Spadinall oDl S datie AL (K bugie Jo g —
Jua¥l g oA ol e 185 AS) sl il 48y alaTY) of e

Gl agal, old
3 saiall dedy — doi )30 Al Apaiall 26 daaa £ gdes [ o
4t )30 Sl 38 ,e S Nh 3aal [ 2

259





